Introduction {#sec1}
============

Massive bone loss in the setting of periprosthetic fracture, prosthetic joint infection, and failed total joint replacement can pose a significant challenge. Initially designed for use in patients with primary and metastatic bone tumors, proximal and distal femoral replacements have become powerful reconstructive tools in patients with large skeletal defects due to fracture, infection, or osteolysis \[[@bib1],[@bib2]\]. Over time, surgeons have expanded the application of these devices to nononcologic patients with good success \[[@bib3]\].

Arthroplasty surgeons must counsel patients on the risks and benefits of megaprosthesis implantation. Revision hip and knee arthroplasty with proximal and distal femoral replacements can allow for early mobilization and quicker return of function in comparison with cases where internal fixation or bulk allograft reconstruction may require protected postoperative weight-bearing \[[@bib4], [@bib5], [@bib6], [@bib7]\]. However, megaprosthesis failure rates are significant and have been reported higher than 50%, with infection being the leading cause \[[@bib4],[@bib5],[@bib8], [@bib9], [@bib10]\]. Henderson et al. classified failure of these implants in nononcologic patients into 4 main types: (1) soft-tissue failure, (2) aseptic loosening, (3) structural failure, and (4) infection \[[@bib11]\].

Recent studies have shown that oncologic patients undergoing revision to megaprosthesis with a history of periprosthetic joint infection (PJI) experienced higher postoperative complication rates than for aseptic indications \[[@bib8],[@bib11]\]. To our knowledge, no previous study has determined the complication rates for megaprostheses around the hip and knee in nononcologic patients. The purpose of the present study was to compare the postoperative outcomes of megaprostheses in nononcologic patients undergoing revision hip or knee arthroplasty in septic and aseptic cohorts.

Material and methods {#sec2}
====================

Patient selection {#sec2.1}
-----------------

A retrospective, multicenter review was performed on a consecutive series of patients who underwent revision arthroplasty with proximal femoral, distal femoral, or proximal tibial replacement megaprosthesis by 1 of 6 surgeons at 5 academic medical centers between January 1999 and December 2017. Inclusion criteria were age greater than or equal to 18 years; failed total hip or knee arthroplasty due to osteolysis, fracture, joint instability, or PJI; and minimum follow-up of at least 24 months. PJI was defined based on the 2018 Musculoskeletal Infection Society criteria. Patients with a prior history of PJI in the operative joint were stratified to the septic cohort, and those without any prior infection were stratified to the aseptic cohort. In the septic cohort, all patients underwent a two-stage revision. Reimplantation was performed in all cases after inflammatory markers normalized and after a negative aspiration while off antibiotics for a minimum of 2 weeks. Exclusion criteria were total femur replacements and oncologic cases. Institutional review board approval was obtained at each of the 5 institutions.

Outcome assessment {#sec2.2}
------------------

We compared the demographics and surgical outcomes between 2 patient groups characterized by the location of their megaprosthesis: the hip group included proximal femoral replacements, and the knee group included distal femoral and proximal tibial replacements. Patient characteristics (age, sex, comorbidities, and estimate blood loss during surgery) were evaluated. Postoperative complications were identified based on follow-up clinic visits, unexpected readmissions, and reoperations. We classified postoperative complications into 4 types based on the Henderson classification: (1) soft-tissue failure (instability, tendon rupture, and wound dehiscence), (2) aseptic loosening (determined by clinical and radiographic evidence), (3) structural failure (periprosthetic fractures), and (4) infection (requiring removal of device) \[[@bib11]\].

Statistical analysis {#sec2.3}
--------------------

Proportions and percentages were used to determine complication rates. Fisher\'s exact test was used to detect if a statistically significant difference was present in the complications rates in the subgroup analysis (α = 0.05).

Results {#sec3}
=======

Of the 42 patients in the study, 16 (38%) were male and 26 (62%) were female. The mean age at time of revision surgery was 60 years (standard deviation: 17.7). Patients were operated on at 1 of the 5 academic medical centers, including Boston Medical Center (n = 3), Beth Israel Deaconess Medical Center (n = 16), Massachusetts General Hospital (n = 12), New England Baptist Hospital (n = 3), and Tufts Medical Center (n = 8). The average time to final follow-up was 60 months. [Table 1](#tbl1){ref-type="table"} compares patient demographics between the septic and aseptic cohorts. Besides age, there was no statistically significant difference between the groups with respect to the gender; American Society of Anesthesiologists (ASA) class; smoking status; diabetes; or cardiac, respiratory, or renal disease.Table 1Patient demographics of the septic and aseptic cohorts.DemographicsTotalSeptic cohort (n = 19)Aseptic cohort (n = 23)*P*-valueAge (mean ± SD)60.0 ± 17.752.5 ± 18.566.1 ± 14.8.01Female (n)261016.34ASA2.62.7.52Patients with comorbidities (n) Smoker1037.30 Diabetes9451 Hypertension2511141 Coronary artery disease624.67 Myocardial infarction3121 Chronic obstructive pulmonary disease (COPD)202.49 Chronic kidney disease (CKD)431.31Estimated blood loss (mL) (mean ± SD)611 ± 628614 ± 522609 ± 715.98Average follow-up in months (mean ± SD)60.3 ± 43.567.0 ± 42.854.7 ± 44.2.37

There were 19 (45%) patients in the septic cohort and 23 (55%) patients in the aseptic cohort. Causes for revision in the aseptic cohort were fracture (13), joint instability (6), and osteolysis (4). Within the septic cohort, 5 (26%) patients and 14 (74%) patients received megaprosthesis replacements of the hip and knee, respectively ([Fig. 1](#fig1){ref-type="fig"}). Within the aseptic cohort, 8 (35%) patients and 15 (65%) patients received megaprosthesis replacements of the hip and knee, respectively ([Fig. 2](#fig2){ref-type="fig"}).Figure 1.Stratification of the Septic Cohort.Figure 2.Stratification of the Aseptic Cohort.

[Table 2](#tbl2){ref-type="table"} shows the overall complication rates in the study cohort. [Table 3](#tbl3){ref-type="table"}, [Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"} show the complication rates within each cohort and based on the anatomic location of the implant. There was no statistically significant difference between overall complication rates in the septic and aseptic cohorts (*P* = .74). In the subgroup analysis, 100% (6/6) and 67% (4/6) of septic and aseptic cohort complications were due to infection, respectively. In addition, 50% (1/2) and 90% (9/10) of the hip and knee group complications were due to infection, respectively. All 6 complications in the septic cohort knee group were due to infection. There were no complications in the septic cohort hip group. The difference in the complication rates between the septic cohort hip and knee groups was trending toward significance (*P* = .13) ([Table 4](#tbl4){ref-type="table"}).Table 2Complication rates subdivided based on the Henderson classification.Presence of infection or the location of the implant (the number of cases)Type 1 (soft-tissue failure)Type 2 (aseptic loosening)Type 3 (structural failure)Type 4 (infection)All types (risk)Septic (19)\-\--6 (100%)6 (31.6%)Aseptic (23)-1 (16.7%)1 (16.7%)4 (66.7%)6 (26.1%)Hip (13)-1 (50%)-1 (50%)2 (15.4%)Knee (29)\--1 (10%)9 (90%)10 (34.5%)Overall (42)-1 (8.3%)1 (8.3%)10 (83.3%)12 (28.6%)Table 3Complications in the septic and aseptic cohorts.SepsisSepticAsepticFisher's exact testComplication66*P* = .74No complication1317Table 4Complications in the septic cohorts by the location.JointSeptic hipSeptic kneeFisher's exact testComplication06*P* = .13No complication58Table 5Complications in the aseptic cohorts by the location.JointAseptic hipAseptic kneeFisher's exact testComplication24*P* = 1No complication611

The aseptic cohort had 2 complications (1 infection and 1 aseptic loosening) in the hip group and 4 complications (3 infections and 1 structural failure) in the knee group. The difference in complication rates between the aseptic cohort hip and knee groups was not statistically significant (*P* = 1.0) ([Table 5](#tbl5){ref-type="table"}). Furthermore, an analysis based on the anatomic location of the megaprosthesis showed no statistical difference in the complication rates when subdivided into septic or aseptic indications ([Table 6](#tbl6){ref-type="table"}, [Table 7](#tbl7){ref-type="table"}, [Table 8](#tbl8){ref-type="table"}).Table 6Complications in the hip megaprostheses.Septic hipAseptic hipComplication02No complication56[^1]Table 7Complications in the knee megaprostheses.Septic kneeAseptic kneeComplication64No complication811[^2]Table 8Complications in the hip and knee megaprostheses.HipKneeComplication210No complication1119[^3]

Discussion {#sec4}
==========

In our retrospective series of 42 lower extremity megaprosthesis replacements for nononcologic conditions, patients with a prior history of PJI demonstrated equivalent short-term survivorship to their aseptic counterparts. In addition, hip megaprostheses had a lower complication rate than knee megaprostheses in patients with a prior PJI, although this did not reach statistical significance. The leading cause of complication in the septic cohort was infection, whereas aseptic loosening, structural failure, and infection were predominant causes in the aseptic cohort.

There have been several reports on clinical outcomes of megaprosthesis implantation in nononcologic patients \[[@bib5],[@bib12], [@bib13], [@bib14], [@bib15], [@bib16]\]. Parvizi et al. studied 48 patients who underwent revision arthroplasty with proximal femoral replacement for nononcologic conditions \[[@bib16]\]. Approximately 21% patients underwent revision because of complication with survivorship of the implant at 87% at 1 year and 73% at 5 years \[[@bib16]\]. Korim et al. performed a review of 14 similar studies, with an average follow-up of 3.8 years in 356 proximal femoral replacements \[[@bib15]\]. In their review, there was a 23.8% reoperation rate, and the most common complications were dislocation (15.7%) and infection (7.6%) \[[@bib15]\]. The present study has a similar overall complication rate to the current literature. In addition, a strength of this study is the subgroup analysis of patients with history of prior PJI and aseptic causes, representing one of the largest series to date.

High complication rates for distal femoral replacement have been demonstrated in several studies \[[@bib5],[@bib12],[@bib13]\]. Despite this, authors highlight the benefits of improved patient-reported outcomes, earlier mobilization, and limb salvage as reasons to consider a megaprosthesis in appropriately selected patients. In a study by Vertesich et al., 43% patients required revision surgery with more than 25% due to infection \[[@bib12]\]. Revision-free survival was 74.8%, 62.5%, and 40.9% at 1, 3, and 10 years, respectively \[[@bib12]\]. Toepfer et al. had a 64.6% complication rate in a cohort of distal femur replacements, most commonly due to mechanical failure, soft-tissue failure, and aseptic loosening \[[@bib13]\]. Holl et al. reported a 52% complication rate in their cohort of distal femur and proximal tibia replacements \[[@bib5]\]. Most importantly, all these studies showed a statistically significant improvement in patient-reported outcomes after distal femoral replacement \[[@bib5],[@bib12],[@bib13]\]. Comparatively, the present study has a lower complication rate (34%) in the distal femoral replacement group, inclusive of septic and aseptic indications. Our hypothesis is that improved tissue handling, modern prosthesis design, and improved Musculoskeletal Infection Society criteria to rule out infection before reimplantation may explain the lower complication rate. Specifically, implants with improved component modularity allowing better reproduction of native patient anatomy, polyethylene design, and improved metallurgy have shown promising outcomes in midterm studies \[[@bib17], [@bib18], [@bib19]\]. However, prospective studies and long-term follow-up are needed to confirm this trend.

There are several limitations to this study. First, its retrospective nature may not have captured all the differences between the septic and aseptic cohorts. Second, given the relatively uncommon occurrence of hip and knee megaprostheses, our sample size was small. However, this is comparable to cohort sizes in prior studies. Moreover, our data are pooled from multiple academic institutions, which increases the generalizability. Finally, patient-related functional outcomes assessed by questionnaires were not measured.
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Conclusions {#sec6}
===========

In conclusion, there is no difference in postoperative complication rates between the nononcologic septic or aseptic cohorts undergoing revision hip or knee arthroplasty with megaprostheses. For patients with prior PJI, proximal femoral replacements have improved short-term survivorship compared with distal femoral or proximal tibial replacements.
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[^1]: Fisher's exact test, *P*-value = .49.

[^2]: Fisher's exact test, *P*-value = .45.

[^3]: Fisher's exact test, *P*-value = .28.
